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Photometric Observations of an SU UMa-type Dwarf Nova 
VW Coronae Borealis during Outbursts 
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Abstract 

Wc report the photometric observations of an SU UMa-type dwarf nova VW CrB during two super- 
outbursts in 2001 and 2003 and a normal outburst in 2003. Supcrhumps with a period of 0.07287(1) d 
were observed during the 2003 supcroutburst. The change rate of the superhump period was positive. 
During the normal outburst, there are some hint of modulation up to a 0.2-mag amplitude. However, any 
periodicity was not found. The recurrence cycles of the normal outburst and the superoutburst, and the 
distance were estimated to be > 50 d, 270 ~ 500 d, and 690l 170 pc, respectively. These recurrence cycles 
are usual values for an SU UMa-type dwarf nova having this superhump period. The superhump period 
of VW CrB was the longest among those of the SU UMa stars with positive derivatives of the superhump 
period. The coverage of our observations was, however, not enough, and the variation of the Psh change 
rate of VW CrB is still unknown. A superhump regrowth and a brightening were seen near the end of 
the plateau phase. Measuring the deviation of the start timings of the brightening and the superhump 
regrowth (>2 days in VW CrB) will be a key to reveal the mechanism of these phenomena. 

Key words: accretion, accretion disks — stars: novae, cataclysmic variables — stars: dwarf novae — 
stars: individual (VW CrB) 



1. Introduction 

This variable star was discovered by Antipin (1996), 
and first designated as Var21 CrB. He found 9 outbursts 
from the Moscow collection plates obtained between JD 
2441805 and 2444042, and suggested its dwarf nova nature 
showing two kinds (long and short) of outbursts. Based 
on this report, Kazarovets, Samus (1997) gave the per- 
manent variable-star name of VW CrB in the 73rd Name 
List. Novak (1997) caught supcrhumps with a period of 
0.0743(6) d during a long outburst in 1997 May, estab- 
lishing that VW CrB is an SU UMa-type dwarf nova. A 
spectrum taken by Liu et al. (1999) during an outburst 
showed a blue continuum having broad Balmer absorp- 
tion lines with a central emission core and He n absorp- 
tion, which is a typical spectrum for an outbursting dwarf 
nova. Na D absorption was also marginally detected. 

VW CrB is identified with USNO B1.0 1231-0276740 
(Bl = 20.35, Rl = 19.55). The ROSAT sources, 1RXP 
J160003+3311.0 and 2RXP J160003. 9+331115 are X-ray 
counterparts. No infrared counterpart was found in the 2 
Micron All Sky Survey (2MASS) (Hoard et al. 2002). 

2. Observation 

We observed VW CrB during three outbursts in 2001 
June- July, 2003 April, and 2003 July-August at Kyoto 



University, Ouda Station, and Hida observatory in Japan, 
and in Erfstadt in Germany. The observation log is sum- 
marized in table 1. 

The Kyoto frames and Ouda frames were processed by 
the PSF photometry package developed by one of the au- 
thors (TK) after dark-subtraction and flat-fielding. All 
the frames obtained at Hida were reduced by the aper- 
ture photometry package in IRAF 1 , after de-biasing and 
flat-ficlding. The Erfstadt frames were dark-subtracted, 
fiat-fielded, and analyzed with a PSF photometry pack- 
age. 

The magnitudes of VW CrB in the Erfstadt frames 
were measured differentially from the local comparison 
star USNO B1.0 1232-0272156, which is the star of ID 2 
(V = 14.044(2); B-V = 0.634(3)) in the Arne Hcnden's se- 
quence 2 . When the long-term light curve of the 2003 July 
outburst was drawn (figure 1), wc shifted the zero point of 
these differential magnitudes to fit them with the visual 
estimations reported to VSNET (Kato et al. 2003d). The 
differential magnitudes in the other frames were adjusted 
to be in accordance with the Erfstadt data. 

The 1-sigma error for each differential magnitude varied 

1 IRAF is distributed by the National Optical Astronomy 
Observatories for Research in Astronomy, Inc. under cooper- 
ative agreement with the National Science Foundation. 

2 (ftp:/ /ftp. nofs.navy.mil/pub/outgoing/aah/sequence/sumner/ 
vwcrb.seq) 
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Table 1. Log of observations. 



Date 




HJD-2400000 

Start-End 


Exposure 
Time (s) 


_tramc 
Number 


filter Instrument^ 


2001 July 


2 


52093.105-52093.202 


30 


223 


no 


A 




3 


52094.082-52094.214 


30 


147 


no 


B 






52094.109-52094.215 


30 


221 


no 


A 


2003 April 


9 


52739.148-52739.261 


10 


550 


R c 


C 




10 


52740.151-52740.220 


10 


309 


Rc 


c 




12 


52742.126-52742.196 


30 


56 


Rc 


c 


2003 July 


2G 


f A A /( AA J r AA < IT C\ A f\ 

52847.024-52847.240 


30 


483 


no 


A 




28 


52849.358-52849.499 


60 


125 


no 


D 




29 


52850.350-52850.474 


60 


100 


no 


D 




31 


52851.955-52852.137 


20 


490 


no 


E 






52851.979-52852.109 


30 


306 


no 


A 






f AA r fi or"/~i f AAr A <1 *r r" 

52852.350-52852.475 


60 


109 


no 


D 


A 

August 


1 


52853.364-52853.425 


60 


22 


no 


D 




2 


k ah r .4 i a < f AAr < AAr 

52854.194-52854.205 


30 


7 


no 


A 






52854.350-52854.533 


60 


145 


no 


D 




3 


52855.349-52855.483 


60 


63 


no 


D 




4 


52856.352-52856.465 


60 


46 


no 


D 




r, 



OZOO f .o4D— 0ZO0 1 A 1 1 


fiA 
OU 


oy 


no 


D 




6 


52858.356-52858.477 


60 


81 


no 


D 




7 


52859.355-52859.476 


60 


64 


no 


D 




9 


52861.338-52861.492 


60 


95 


no 


D 




10 


52862.354-52862.469 


60 


69 


no 


D 




11 


52863.345-52863.471 


60 


83 


no 


D 




12 


52864.347-52864.470 


60 


75 


no 


D 




14 


52866.373-52866.380 


60 


2 


no 


D 


A: 30cm Tel. + SBIG ST-7E (Kyoto), B: 25cm Tel. + SBIG ST-7E (Kyoto), 
C: 60cm Tel. + PixelVision (SITe SI004AB) (Ouda), D: 20cm Tel. + SBIG 



ST-6B (Erfstadt), E: 60cm Tel. + PixCellent S/T 00-3194 (SITe 003AB) (Hida) 



from 0.01 mag to over 0.1 mag, depending on the target 
brightness and the sky condition. 

3. Result 

In this section, we describe the observational results 
in detail in the order of the 2003 July- August outburst, 
the 2001 June-July outburst, and the 2003 April outburst, 
since the 2003 July- August outburst was best covered and, 
therefore, most informative. 

3.1. The 2003 July- August Outburst 

The whole light curve of the 2003 July-August out- 
burst is exhibited in figure 1. This outburst was found by 
Mike Simonsen at JD 2452844.639. Our observations were 
started about 2.4 days later than his report to VSNET, 
and within 4 days after onset of the outburst. The out- 
burst duration was 20 days. The dashed line represents 
the trend of exponential decline of 0.097(4) mag d _1 which 
was calculated by linear regression of our data between 
JD 2452847 and 2452856. From JD 2452857, the decline 
suddenly stopped, which is a 'brightening' just before the 



following rapid decline. This phenomenon has been first 
systematically investigated by Kato et al. (2003c) recently. 

Our first run showed that supcrhumps had already 
fully developed by HJD 2452847.0 within 4 days from 
the outburst onset, which confirmed the SU UMa nature 
of this star. A period analysis by the Phase Dispersion 
Minimization (PDM) method Stellingwerf (1978) was per- 
formed for the data between JD 2452847 and 2452866 af- 
ter subtraction of the general decline trend including the 
final 'brightening'. Figure 2 gives the resultant theta dia- 
gram, which clearly shows the best estimated superhump 
period (Psh) to be 0.07287(1) d. The error was calculated 
by the Lafler-Kinman methods (Fernie 1989). 

The daily evolution of the superhump is depicted in 
figure 3. The superhump amplitude was 0.24 mag on 
JD 2452847, and gradually decayed to 0.10 mag on JD 
2452854. After that, the amplitude again grown to 0.14 
mag by JD 2452858, though the large error due to thin 
clouds smeared the superhump profile on JD 2452859. A 
clear second peak is seen around the phase = 0.4 on JD 
2452858. 

The superhump maximum timings measured by eye 
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Fig. 1. The long-term light curve of the 2003 July-August 
outburst. The abscissa is HJD - 2452000, and the ordinate is 
Visual (CCD) magnitude. The open circles and the lower ar- 
rows are the visual observations and the upper limits reported 
to VSNET. The filled squares are daily average magnitudes 
of our data. This outburst lasted about 20 days. The dashed 
line represents the exponential decay trend of 0.097(4) mag 
d _1 which was obtained using the daily averaged magnitudes 
before HJD 2452857. It should be noted that VW CrB rose 
from the exponential decay after 14th day of this outburst. 

were listed in table 2. The cycle count (E) was set to 
be 1 at the first superhump maximum. Linear regression 
yields a following equation on the maximum timings: 

CI = 7.294(±0.005) x 1CT 2 • E - 0.019(±0.004). (1) 

The difference of the observed timings from the calcu- 
lated ones systematically changed as shown in figure 4. A 
quadratic polynomial fitting to O — CI yields: 

C2 = 3.39(±0.31) x 1CT 6 ■ (E - 70) 2 
+2.2(±1.7) x l(r 5 -(£-70) 
-0.0077(±0.0008). (2) 

The fittings were carried out using the non-linear least- 
squares Marquardt-Levenberg algorithm. The equation 
(2) indicates a positive derivative of the superhump max- 
imum timings, meaning that the superhump period be- 
came longer. The change rate of the superhump period is 
-Psh/^sh = 9.3(±0.9) x 10~ 5 . Note that these analyses are 
based on the data obtained by JD 2452857 and the large 
error during the 'brightening' phase unfortunately made 
the behavior of the superhump period left unclear. 

3.2. The 2001 June-July Outburst 

The long-term light curve of the 2001 July outburst is 
drawn in figure 5. The long duration of >15 d proves that 
this outburst was a superoutburst. Since the uncertainty 
of the zero points of each run is very large, ~0.3 mag, it is 
difficult to judge whether the final 'brightening' occurred 
also in this superoutburst. 

All the data points are plotted in figure 6. We could not 
detect any periodic modulations including supcrhumps, 
which is probably due to the large errors and the short 



Fig. 2. Theta diagram of a PDM analysis to measure the 
superhump period from the data between JD 2452847 and 
2452866. The abscissa is the frequency in the unit of cycle 
d — . The best estimated superhump period is 0.07287(1) d. 
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Fig. 3. Daily averaged superhump light curves folded by the 
superhump period of 0.07287 d. The supcrhumps had fully 
developed to the amplitude of 0.24 mag within 4 days from the 
onset of the superoutburst. The amplitude gradually became 
smaller to 0.10 mag till JD 2452854, then again developed to 
0.14 mag on JD 2452858. The superhump profile was smeared 
by the large observation error owing to thin clouds on JD 
2452859. 
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Table 2. Timings of the super hump maxima during the 2003 
July- August superout burst. 



riJJJ — Z4ozo4 / 


Hi 




0.062(2) 


1 


0.0081 


0.133(1) 


2 


0.0061 


0.207(3) 


■ > 

d 


0.0072 


2.387(2) 


33 


—0.0010 


A \ 
Z. 400(^1 ) 




— u.uuou 


3.403(2) 


47 


— u.uuuz 


5.008(2) 


69 


-0.0059 


5.080(2) 


70 


-0.0068 


5.371(2) 


74 


-0.0076 


5.441(2) 


75 


-0.0105 


7.424(4) 


102 


0.0031 


9.392(3) 


129 


0.0017 


10.425(3) 


143 


0.0136 


* Using equation (1). 


The unit 
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Fig. 5. Whole light curve of the 2001 June-July outburst. 
This superoutburst lasted at least 15 days. The zero point 
of our observations (open circles) have a large uncertainty of 
~0.3 mag. It is not clear whether the brightening just before 
the rapid decline occurred or not. 
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.4. O — C diagram on the super hump maximum timings 
(see table 2 and equation (1)). The solid line is obtained 
by a quadratic polynomial fitting to O — CI (equation (2)), 
indicating a positive derivative of the superhump period. 

coverages. 

3.3. The 2003 April Outburst 

Figure 7 displays the long-term light curve of the 2003 
April outburst. Since the duration of this outburst was 
shorter than 5 days, it was clearly a normal outburst. 

The light curve on JD 2452739 is shown in figure 8a. 
There are some hints of modulations. After subtracting 
the declining trend of 0.7 mag d _1 , we performed a PDM 
period analysis on the data. The resultant diagram is 
figure 8b, where no strong signal of periodicity is seen. 
If we make a light curve folded by the superhump period 
after subtraction of the general decline trend, a plausible 
light curve emerges (figure 8c). This periodicity is, how- 
ever, most doubtful, since the diagram in figure 8b does 
not point to that frequency, the full amplitude of 0.04 mag 



Fig. 6. Short-term light curve during the 2001 June-July 
outburst. The magnitudes are arbitrarily shifted each day. 
The filled squares and open circles represent the data ob- 
tained by a 30cm telescope and 25cm telescope, respectively. 
The large errors and the short coverages prevent us from judg- 
ing existence of supcrhumps with an amplitude smaller than 
0.13 mag. 

is nearly equal to the 1-sigma error for each point, and the 
coverage of the data is not enough for the period. 

4. Discussion 

Outburst Behavior 

The outbursts reported to VSNET are summarized in 
table 3. 

VW CrB has been relatively well monitored. The max- 
imum magnitude of the superoutburst is rather bright, 
reaching m V j S = 14.0, and the superoutburst has long du- 
rations up to >23 d for an SU UMa-type dwarf nova. 
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Fig. 7. Whole light curve of the 2003 April outburst. The 
outburst duration was shorter than 5 days, suggesting a nor- 
mal outburst. 

For these reasons, all the superoutbursts has been likely 
caught after the start of monitoring by amateurs, ex- 
cept for during the season when this variable is not ob- 
servable. Although the recurrence cycle of the superout- 
burst (supcrcycle, T s ) is not stable, it is estimated to be 
T s = 270 ~ 500 d, assuming that one supcroutburst was 
missed between the 1998 September supcroutburst and 
the 2000 September one. 

The normal outburst is m v i s = 14.4 at the maximum, 
fainter than in the supcroutburst, and the duration is 
shorter than 5 d. Then, some normal outbursts have been 
missed. Taking also into account the outbursts observed 
by Antipin (1996), it is proper to estimate the cycle of the 
normal outburst (T n ) to be 50 d or more. 

This supercycle and the ratio of the normal-outburst 
cycle to the supercycle are ordinary values for a dwarf nova 
with P SH = 0.072 d (see Warner 1995; Nogami et ah 1997b; 
Kato et al. 2003c). 

The superoutburst duration, up to >23 d as mentioned 
before, is >1.5 times longer than those of usual SU UMa 
stars, and is comparable of those of ER UMa (Kato, 
Kunjaya 1995; Robertson et al. 1995) and the durations 
of the main outburst (until the dip) of superoutbursts in 
WZ Sge stars (e.g. the 2001 superoutburst of WZ Sge, 
see Ishioka et al. 2002; Patterson et al. 2002). In the cur- 
rent scheme of the standard thermal-tidal disk instability 
model (for a review, see Osaki 1996), the outburst enter 
the rapid decay phase when the surface density becomes 
smaller than the critical value at the outer edge of the con- 
tracting accretion disk and the cooling wave starts. There 
are three possible conditions to make the outburst dura- 
tion longer in the disk instability model: 1) large mass is 
supplied during the outburst (as the explanation for the 
ER UMa case, Osaki 1995a), 2) larger mass is stored in 
the disk by the outburst ignition (as the explanation for 
the WZ Sge case, Osaki 1995b), and 3) the outburst lasts 
until the disk become smaller. 

VW CrB, however, seems to have a normal mass trans- 
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Fig. 8. (a) Light curve taken on JD 2452739. (b) Theta dia- 
gram for the data shown in the upper panel after subtraction 
of the linear decline trend. Any strong periodicity was not 
suggested. The frequency of 13.7236 cycle d — 1 is the super- 
hump frequency, (c) Light curve folded by the superhump 
period after subtraction of the linear decline trend. Although 
a plausible modulation emerges, its reality is fairly weak. 



Table 3. Previous outbursts. 





Date* 




JD 


^rnax 


D+ 


Type* 


1996 


Jun. 


26 


50261 


15.4 




N 


1996 


Aug. 


13 


50309 


14.3: 


>6 


S 


1997 


Feb. 


27 


50506 


15.0: 


4? 


N 


1997 


May 


11 


50579 


14.1 


>20 


S 


1997 


Aug. 


20 


50680 


14.7 


2 


N 


1998 


Sep. 


27 


51083 


13.8 


>23 


S 


1999 


Apr. 


25 


51293 


14.4 


1? 


N 


2000 


Apr. 


08 


51643 


14.6 


>2 


N 


2000 


Sep. 


13 


51800 


13.9: 


>11 


S 


2001 


Jun. 


18 


52078 


13.7 


>15 


S 


2002 


Jun. 


23 


52449 


14.2 


>18 


s 


2003 


Apr. 


09 


52738 


14.4 


<5 


N 


2003 


Jul. 


24 


52844 


14.0 


20 


s 



* The discovery date. 

' Duration of the outburst in a unit of day. 
+ N: normal outburst, S: supcroutburst. 
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fer rate, judging from its ordinary T s , and our data pro- 
vides no hint of enhancement of the mass transfer rate 
during the supcrout burst. The possibility 1) is hence re- 
jected. 

Concerning the possibility 2), the amount of the mass 
stored by the outburst ignition is related to physical pa- 
rameters of the viscosity in quiescence, the disk radius, 
the primary mass (cf. Osaki 1995b). These parameters, 
however, also have an effect on T n and T s . Since the cycle 
lengths are normal values for an SU UMa star, it is diffi- 
cult to suppose unusual parameters on these parameters. 

Therefore, the possibility 3) is most plausible. This 
possibility means that the tidal torque strongly works on 
the disk gas. Since the mass ratio dominantly determines 
the tidal effect, it is quite important to accurately measure 
the mass ratio of this system. 

4-2. Distance 

From the supcrhump period and the maximum magni- 
tude of the normal outburst, we can estimate the dis- 
tance to VW CrB in the same method as that used 
by Kato et al. (2002), Kato et al. (2003c) and Nogami 
et al. (2003a). 

Warner (1987) proposed a relationship between the 
absolute magnitude at the outburst maximum and the 
orbital period P 01 b- The orbital period of VW CrB 
has not yet been measured, we substitute Psh for P or b- 
There is a well-known, tight relationship between P or b 
and Psh, and the error introduced by this substitution 
is negligible, compared with those due to other factors. 
Absence of the eclipse indicates that the inclination of 
this system is not so high, and the inclination effect to 
the observed flux (Warner 1986) should be very small. 
The absolute maximum magnitude is thus estimated to 
be My = 5.20(±0.23), using the equation proposed by 
Warner (1987). This maximum magnitude should be com- 
pared by that of the normal outburst (Kato et al. 2002). 
Then, assuming the apparent maximum magnitude my = 
14.4(±0.4) from the data in table 3, the distance is guessed 
to be 6901^ pc. 

The proper motion of the star identified with the VW 
CrB is listed in the USNO B1.0 catalog as (^r.a. ,MDcc) = 
(—6(10), —26(7)) in a unit of mas yr _1 . This distance is 
smaller than the secure upper limit estimated using this 
proper motion and the maximum expected velocity dis- 
persion of CVs (Harrison et al. 2000). 

The X-ray luminosity in the range of 0.5-2.5 keV of 
VW CrB is calculated to be logLx = 31.0 ±0.2, using the 
ROSAT data of the X-ray counterparts and the distance in 
the same way by Verbunt et al. (1997). This luminosity is 
a little higher than, but not far from, the average value of 
SU UMa stars (see figures 6 and 8 in Verbunt et al. 1997). 

4-3. Superhump Period Change 

The superhump period had been believed to monotoni- 
cally decrease, or stay constant at least (e.g. Warner 1985; 
Patterson et al. 1993), before the discovery of Psh in- 
crease during the 1995 superout burst in AL Com (Nogami 
et al. 1997a). Following this, some SU UMa stars have 



been confirmed to show similar behaviors: V485 Cen 
(Olech 1997), EG Cnc (Kato et al. 2003b), SW UMa 
(Semeniuk et al. 1997; Nogami et al. 1998), V1028 Cyg 
(Baba et al. 2000), WX Cet (Kato et al. 2001a), HV Vir 
(Kato et al. 2001b; Ishioka et al. 2003), V592 Cas (Kato, 
Starkey 2002), WZ Sge (Patterson et al. 2002; Ishioka 
et al. 2003, in preparation), EI Psc (Uemura et al. 2002), 
VI 141 Aql (Olech 2003), and KS UMa (Olech et al. 2003). 
Supcrhump-period decrease was explained by shrinkage of 
the disk radius, and was regarded as a natural consequence 
of mass depletion from the disk (Osaki 1985). The mech- 
anism of the Psh increase phenomenon is, however, still 
an open question. 

The superhump period of VW CrB is the longest among 
those of the SU UMa- type dwarf novae with positive Psh, 
listed above. Noticing the concentration of these SU UMa 
stars near the orbital period minimum, Kato et al. (2001b) 
suggested that the period increase may be related to a low 
mass ratio and/or a low mass transfer rate. This may be 
supported by MN Dra (Nogami et al. 2003b). This star 
is considered to have a high mass ratio and a high mass 
transfer rate, based on its long P or b of 0.105 d and short 
T s of ~60 d. And the Psh derivative was Psh/Psh = 
1.7 x 10 -3 , about one order of magnitude larger than the 
largest value ever know. 

Recent observations have revealed that some SU UMa 
stars with a relatively high mass ratio, a high mass trans- 
fer rate, and a long orbital period have Psh/Psh ~ 
(e.g. BF Ara, Kato et al. 2003a). Furthermore, Olech 
et al. (2003) most recently proposed that SU UMa stars 
show a positive Psh/Psh around the midst of the plateau 
phase, and then change Psh/Psh to be a minus value dur- 
ing a late phase of the superoutburst. Our present data 
at the late phase, unfortunately, contain a large error, and 
can not be useful to make clear the evolution of the su- 
perhump period throughout a superoutburst. 

4-4- Final 'Brightening' and Superhump Regrowth 

VW CrB gave rise to a phenomenon of superhump re- 
growth and a final brightening at the end of the plateau 
phase of the 2003 July- August superoutburst, as described 
in section 3.1. Kato et al. (2003c) did a literature survey, 
and discussed the relationship between the final brighten- 
ing and the superhump regrowth. The former were seen in 
many short-PsH systems (but few WZ Sge stars) and some 
long- Psh systems with long T s . Dwarf novae having shown 
the latter feature, except for V725 Aql, are more concen- 
trated to the short end of the Psh distribution. Kato 
et al. (2003c) gave a remark that the appearance of su- 
pcrhump regrowth and brightening near the termination 
of the superoutburst are phenomenologically coupled. 

VW CrB is located at a slightly longer side out of the 
Psh region of dwarf novae with such phenomena, and has 
a relatively short T s for a system with the brightening. 
This dwarf nova may be an important object to determine 
the critical value of the binary parameters separating the 
SU UMa stars with/without the final brightening and the 
superhump regrowth. 
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The superhump amplitude on JD 2452856 was already 
larger than on JD 2452854 (figure 3), while the brighten- 
ing seemed to start on JD 2452856 (figure 1). To reveal 
the connection and the mechanism of the final brighten- 
ing and the superhump regrowth, one of the keys will be 
more detailed observations in many SU UMa stars which 
measure deviation of the start timings of the brightening 
and the superhump regrowth. 

5. Summary 

The SU UMa nature of VW CrB was confirmed, and 
some parameters are determined: the superhump period 
of P SH =0.07287(1) d, the P SH change rate of P sh /Psh = 
9.3(±0.9) x 10~ 5 , the supercycle of T s = 270 - 500 d, 
the cycle length of the normal outburst of T n > 50 d, 
the supcroutburst duration up to >23 d, the distance 
of 690ti7Q P c > and the x - ra y (0.5-2.5 keV) luminosity of 
logL x = 31.0 ±0.2. 

The supercycle and the cycle length of the normal out- 
burst are usual values for an SU UMa star. The super- 
outburst duration is very long, and comparable to that of 
ER UMa and the duration of the main outburst of super- 
outbursts in WZ Sge stars. This may be due to a strong 
tidal torque. It is important to gauge the mass ratio. 

The superhump period of VW CrB was the longest 
among those of the SU UMa-type dwarf novae with pos- 
itive derivatives of the superhump period. Although 
positive-PsH systems have been supposed to have short 
orbital periods, most recent observations show that the 
the sign of Psh change rate varies even during one super- 
outburst in some SU UMa stars. Since our observations 
at the late phase of the 2003 superoutburst was performed 
under bad conditions, the variation of the Psh change rate 
of VW CrB is a topic left for future observations. 

During the 2003 superoutburst, we observed regrowth 
of the superhump amplitude and brightening near the end 
of the plateau phase. These features have been observed 
mainly in SU UMa stars having short superhump periods. 
The superhump period and the supercycle of VW CrB 
are slightly longer and shorter, respectively, than those in 
such systems. Measuring deviation of the start timings of 
the brightening and the superhump regrowth (>2 d in VW 
CrB) will help to reveal the mechanism of the superhump 
regrowth and the final brightening. 

The authors are thankful to amateur observers for con- 
tinuous reporting their valuable observations to VSNET. 
Thanks are also to the referee for the useful comments. 
This work is partly supported by a Research Fellowship 
of the Japan Society for the Promotion of Science for 
Young Scientists (MU and RI), and a grant-in-aid from the 
Japanese Ministry of Education, Culture, Sports, Science 
and Technology (No. 13640239, 15037205). 
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